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I . SUMMARY 


An experimental test program of a powered propeller and nacelle mounted 
on a supercritical wing was conducted by the NASA Ames Research Center in 
the 14-Foot Tunnel. Analysis of this data by the Douglas Aircraft Company, 
under contract to NASA with A1 Lavin as the program manager, is contained in 
this report. The design condition for this study was = 0.8. I 

Analysis of the data indicated that the installation of the nacelle 
significantly affected the wing flow and that the flow on the upper surface 
of the wing is separated near the leading edge under powered conditions. 
Comparisons of various theories with the data indicated that the Neumann 
surface panel solution and the Jameson transonic solution gave results 
adequate for design purposes. A modified wing design was developed (Mod 3) 
which reduces the wing upper surface pressure coefficients and section lift 
coefficients at powered conditions to levels below those of the original 
wing without nacelle or power. A contoured over-the-wing nacelle is 
described that can be installed on the original wing without any appreciable 
interference to the wing upper surface pressures. 


0 
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II. INTRODUCTION 


The recent increases in fuel prices for aircraft has resulted in the 

consideration of alternate propulsion system concepts that would reduce fuel 

consumption. One of the primary candidates is a propeller-turboshaft 

(turboprop) powerplant. Several system studies have been conducted that 

indicate fuel savings from 15 to 30% in fuel burned for a given mission when 

compared to turbofan engines (References 1 through 6). Flight speeds of 

M =0.8 are considered necessary for compatibility with existing airline 
0 

operation and advanced propeller designs called Prop-Fans have been 

developed that give efficient performance at these speeds. A wing of the 
supercritical type is recommended to maximize performance. 

One of the aerodynamic concerns about the turboprop installation is the 
interference drag that will result from the placement of the gas 

generator/nacelle and propeller on a supercritical type wing. Several years 
ago, a test was run by Douglas Aircraft under contract to NASA Ames 

(Reference 7) to experimentally evaluate these interferences. A 
flow-through ejector powered nacelle located ahead of the wing was used to 
simulate the onset flow of the propeller. This experimental approach 

permitted independently varying the various propeller parameters to obtain a 
basic understanding of the power-wing interactions. Many useful results and 
observations resulted from this early exploratory program but a more 
accurate representation of the flow is obtained by using an actual rotating 
propeller. 
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The test results discussed in this report used the same wing design as 
the previous simulator test. A semispan test installation was used mounted 
to the floor of the Ames 14-foot tunnel. Test conditions covered the Mach 
range from 0.6 to 0.85. The Reynolds numbers based on the mean aerodynamic 
chord varied from 7.8 x 10® at = 0.6 to 9.1 x 10® at M„ = 0.85. 

An air-driven motor powered an 8 bladed propfan propeller designated SR-2C 
(Reference 8). The installation, development of the motor, fabrication and 
testing were all done by NASA Ames. This report covers the analysis of the 
data, comparison with theory and configuration modifications performed by 
the Douglas Aircraft Company (a division of the McDonnell Douglas 
Corporation) located in Long Beach, California. 
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III. NOMENCLATURE 


AR 

b 

c 

CS, 

^Lwg 

CLm 

^mac 

Mo 

Ml 

RPM 

r/R 

^RAPexp 

t/c 

x.y.z ' 

x/c 

a 

«s 

6 

n 


Wing aspect ratio 
Wing span 
Local chord 

Configuration drag coefficient 
Section lift coefficient 

Wing- body lift coefficient based on wing trapezoidal area 

Wing lift coefficient based on exposed wing trapezoidal area 

Pressure coefficient 

Incremental induced drag coefficient 

Mean aerodynamic chord 

Free stream Mach number 

Local Mach number 

Propeller total pressure to freestream total pressure ratio 
Reynolds number based on chord 
Revolutions per minute 

Propeller blade local radius divided by maximum radius 
Exposed trapezodial reference area 
Wing thickness to chord ratio 

Coordinate system x streamwise, y spanwise, z vertical 
Fraction of local chord 

Configuration angle of attack measured relative to fuselage 
reference plane 

Swirl angle, degrees 

propeller blade angle setting, degrees 

Percent semi span of wing 
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X 


Taper ratio 

Wing quarter chord sweep 
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IV. DESCRIPTION OF THE MODEL 


A photograph of the model is shown in Figure 1. The wing coordinates 
were obtained from Douglas Aircraft. The wing had been tested previously as 
part of the Douglas Aircraft supercritical wing development program and had 
demonstrated good drag rise characteristics near M^ = 0.8. The design 
also had been used previously as part of an earlier NASA sponsored test 
where the propeller onset flow had been simulated by using an ejector 
powered flow through nacelle mounted ahead of the wing (Reference 7 and 
Figure 2). The planform of the NASA model with the nacelle installed is 
shown in Figure 3 including the location of pressure rows to be discussed 
later. Coordinates for the wing are given in Table 1 and Figure 4 shows a 
side view of the nacelle. 

The propeller was an SR-2C design (Reference 8) and was powered by an 
air driven turbine. Air to power the turbine was supplied through the floor 
and wing and exhausted under the wing through a nozzle at about 50* chord. 
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V. . ANALYSIS OF THE DATA 


Force Data 

Analysis by NASA and Douglas determined that the force data for this 
test was not reliable. Subsequent analysis by NASA did result in some 
usable force data, but for the purposes of the work described in this report 
the force data will not be referred to. 

Pressure Data 

The pressure data on the wing were integrated to obtain the wing lift 

coefficient (C.), and these results are shown on Figure 5. The analysis 

nv 

will focus on an angle of attack of 2 degrees or a C, near 0.5. 

Lw 

The pressure distributions on the wing are shown in Figures 6 through 12 
for a fixed propeller blade angle of 57°. Figures 6 through 10 show the 
flow development for a fixed angle of attack of 2° and Figures 11 and 12 
show the variation with angle of attack at = 0.8. The data indicates 
that there is a significant effect of the nacelle on the pressures inboard 
of the nacelle at 36.5 and 41.5 percent semispan, but that there is a 
negligible effect outboard of the nacelle. The pressure distributions 
indicate that small separations may occur inboard due to the nacelle 
installation, and at = 0.8, a normal shock is indicated. Available oil 
flow photographs shown in Figures 13 and 14 indicate that the flow has been 
significantly disturbed by the nacelle but large regions of flow separation 
are not apparent. The presence of the normal shock inboard of the nacelle 
can be seen in Figure 14. 
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When full propeller power is added, the flow velocities are increased in 
the propeller wash region (included on the figures) and there is also a 
change in the local angle of attack. The isolated propeller flow one blade 
chord downstream of the propeller is shown in Figure 15. (These data were 
not part of the current test but were measured separately as part of NASA's 
propeller development program.) The propeller rotation for this test 
created increased wing section angle of attack inboard of the nacelle 
(upwash) and decreased angle of attack outboard (downwash). The pressure 
distributions on the wing due to power show increased upper surface pressure 
peaks and as the Mach number is increased, the presence of a flow spearation 
becomes more apparent. Available oil flow photographs with power-on, shown 
in Figures 16 and 17, illustrate clearly that there is a significant flow 
separation and extreme inboard flow from the outboard region of the nacelle. 

The section lift data obtained by integrating the above pressure 

distributions (and removing obviously bad points) are shown in Figures 18 
and 19. The installation of the nacelle reduces the Cj^ at the inboard 

stations with little effect outboard. The windmilling propeller reduces the 

furt her probably due to a lo ss ^i.n_-dynamic— pressure^ — The— application’ 

of power significantly increases the c^ values inboard due to propeller 
upwash and increases the velocity to levels which caused the flow 

separations. Outboard the Cj^ is reduced because of the propeller 

downwash. 

At Mq = 0.7, the data (solid symbols Figure 20) was used to 
calculate the induced drag increment due to the nacelle installation by a 
Trefftz plane method. The increment was found to be 12 counts 

(ACf, = 0.0012). 
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To summarize these results for later reference during the wing redesign 
discussion (Section VII), the region outboard of the nacelle is not 
seriously affected by the installation of the nacelle or power and wing 
modifications are not required in this region. However, inboard the nacelle 
significantly increases the upper surface pressure peaks but not to levels 
that cause large flow separations. However, a significant 12 count induced 
drag penalty was calculated. At = 0.8, a small normal shock is present 

near the nacelle on the wing, further contributing to the drag. The 
increased flow velocity and upwash due to power are sufficient to increase 
upper surface pressure levels and c^j^'s to conditions where attached flow 
can not be maintained by the original wing design. 

Comparison With Simulator Data (Reference 7). 

It was found that the flow from the ejector powered simulator most 
nearly matched the 59° blade angle data (Figure 21), therefore the 
comparisons are made for this blade angle. Since the simulator test did not 
have a nacelle mounted on the wing, only incremental effects due to power 
from each test are compared. 

Figures 22 through 27 compare the pressure distributions and span loads 
between the two tests at = 0.7 and 0.8. Qualitatively the pressure 
distributions agree fairly well, with the peak pressure levels and the 
general shape of the plots being very similar. It is interesting to note 
that the pressure increase near 60% chord at 50% semispan on the upper 
surface due to power is indicated in both sets of data (Figure 25). 

The incremental c^ values are not as large for the simulator test as 
for the propeller test as shown on Figures 26 and 27. However, the c^ 
levels with power are comparable. 
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VI. COMPARISON WITH THEORY 

\ 

Lifting Line Program 

The lifting line program is a method which uses a vortex filament at the 
quarter chord point at several spanwise locations on the wing and a control 
point at the three-quarter chord location. The wing zero-lift-line and the 
propeller onset flow are input. The nacelle geometry cannot be input. The 
strength of the vortex is then determined to satisfy the condition of 
tangential flow at the control point. Forces are calculated by repeated 
application of the Kutta-Joukowski law. This theory is compared to the 
simulator data in Figures 28 and 29. Agreement with the clean wing is good 
but the increments due to power are overpredicted. Both positive 
(up-inboard) and negative (up-outboard) swirl cases are shown. 

Comparisons with the propeller data are shown in Figures 30 and 31. 
Increments due to the nacelle taken from the previous Figures (18 and 19) 
are indicated. At M^ = 0.7, the clean wing data is below predictions 
inboard in contradiction to the data measured for the simulator case, 
suggesting a difference in wing geometry. This may have been caused by a 
difference in wing twist under load caused by the difference in wing 
fabrication methods or scale. The powered data are well predicted except in 
the region immediately outboard of the nacelle. At M^ = 0.8 the same 

conclusions apply except the clean wing data is underpredicted outboard, 
again suggesting a difference in wing twist. 

In summary, the powered data for the simulator is underpredicted by the 
theory perhaps because of the presence of the ejector nacelle or nacelle 
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boundary layer flowing over the wing. Powered predictions for the propeller 
are generally good except just outboard of the rfacelle. Nacelle 
interferences, not included in the theory, may cause this discrepancy. 

Neumann Theory 

The Neumann program (s an Incompressible surface panel solution using 
unknown source and dipole singularities to satisfy the zero nomal flow 
condition at control points located In a number of panels describing the 
body surface (Reference 9). in regions washed by the propeller, the 
propeller onset flow Is Input at each affected control point to be Included 
with the free stream flow when the singularity strengths are found. The 
program can calculate flows about completely arbitrary configurations. 

The program contains the option of using the Goethert correction for 
compressibility. However, when this option Is applied, the zero normal flow 
boundary condition Is not exactly satisfied. Because of the complex 
geometries dealt with and the small included angles between some body 

surface panels, the compressibility option was not employed In order to 
avoid potential numerical errors in some cases. 

A description of the paneling used for the simulator case is shown in 
Figure 32. The results are shown in Figures 33 and 34. (The Neumann 
program is compared to the data at the same configuration Since the 
Neumann program did not include viscous effects, the same is achieved 
at an angle of attack 1° less than the data. Figure 5.) The pressure 
distributions generally agree well but the upper surface peaks near the 
leading edge are underpredicted. Agreement is good if incremental effects 
are compared. The section lift agreement is good with the exception of the 
power and swi rl case at 35% semi span. 
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The paneling for the propeller case is shown in Figure 35. The circular 
body extending aft of the wing trailing edge is the representation of the 
exhaust flow. The pressure distributions inboard and outboard of the 
nacelle for the clean wing, wing plus nacelle and wing plus nacelle plus 
power are shown in Figures 36 through 41. (Again, note the 1° angle 
difference. The powered data are for B= 57°, run 69). The agreement of 
the theory with the data is good. The experimental separation inboard of 
the nacelle with power can be easily identified in Figure 38. 

The section lift distribution data (Figure 42) does not agree as well. 
Neither the level nor the increments are reasonably predicted inboard of the 
nacelle but outboard the agreement is better. The disagreement inboard may 
be caused by local separations and transonic flows not correctly included in 
the theory. 

The Neumann pressure distributions are compared to the data at the same 
angle of attack as the data (2°) in Figures 43 through 48. 

Jameson Theory 

The Jameson Theory is a fully transonic solution restricted to wings 
only. The wing is mapped into a computational plane and the full 
compressible potential flow equations are solved (Reference 10). 

The Jameson theory agreement with the data for the clean wing is 
excellent as shown on Figures 49 and 50. To approximately account for 
propeller onset flow effects, the wing was twisted in accordance with the 
propeller swirl and an incremental free stream Mach number was applied to 
account for slipstream velocity increases. The nacelle effect is not 
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accounted for. These results are shown in Figures 51 through 56. As noted, 
if the incremental Mach effect is not included, the agreement between the 
theory and data is adequate to be used for design purposes. 

The Jameson theory, applied in the manner discussed above, was the 
primary method used to design the modified wings described in the next 
section. This computer code was used because it is a transonic method and 
would give an adequate representation of the transonic flow development. 
However, nacelle effects are not properly accounted for and the Neumann 
computer code was used to include these effects. Uncertainty exists by 
using either program because of a limitation in the geometry capability 
(lack of a nacelle in Jameson) or transonic flow computational capability 
(Neumann). These factors will be discussed further during the discussion of 
the wing design in the next section. 



VII. DESIGN PHILOSOPHY 


Design Criteria 

To reduce upper surface separations (Figures 16 and 17) and subsequent 
degredations in wing performance, it was necessary to reduce the magnitude 
of the high negative pressures on the wing upper surface inboard of the 
nacelle (Figures 7 and 9) and reduce the wing c^ values (Figures 18 
and 19) to acceptable design limits. Since the clean original wing 
performed well and did not have any flow separations, the clean wing data 
was used to establish the design criteria. These criteria were minimum 
upper surface pressure levels, chordwise pressure gradients and spanwise 
upper surface isobar patterns. The c levels at any span station and 
the distribution of c^ as it affects induced drag were also used. The 
objective of the redesign work was to achieve levels on the new wing which 
were equal to or less than the above criteria. 

Wing Redesign 

The airfoil section shape inboard of the nacelle was modified to conform 
to the above described criteria within the constraints of the existing 
hardware. No problems were identified outboard of the nacelle so no 
modifications were made there. The hardware constraints were that the 
airfoil remain unchanged except for the forward or aft 20 to 25% of the 
chord. 

Modified airfoils that fit within the existing planform could not be 
found which conformed to the design criteria. Therefore, a leading or 
trailing edge extension was required. A trailing edge extension was ruled 
out because of diffuculities with the aft pressure gradients and unsweeping 
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of the isobars. Therefore, a 15% leading edge extension was selected as 
shown on Figure 57. The closer proximity of the propeller to the leading 
edge is a concern and may shorten useable propeller test time. 

The airfoil section for the modified planform was developed to reduce 
upper surface peaks and gradients at transonic conditions (M^ = 0.8, 
Cl = 0.5) and fair smoothly into the existing airfoil shape at about 25% 

‘"W 

chord. The airfoil shapes were developed using a 2-D transonic analysis 
method prior to 3-D analysis to insure a pressure distribution over the 
entire airfoil that conformed to accepted design practice. The 3-D Jameson 
computer code was used to evaluate the various designs in three dimensions. 

Two of the best designs developed are shown in Figures 58 through 62, 
and are identified as Mod 2 and Mod 3. The n= 0*12 section shape is the 
same for either Mod. The Jameson results with and without power, compared 
to the original wing, are shown in Figures 63 and 64. Mod 3 has pressure 
peaks near the leading edge about half of the original wing and the 
transonic flow over the entire upper surface is free of shock waves even 
with power. The Cp levels with power are less than the clean original 
wing, the gradients are less and constant Cp levels occur at similar x/c 
values indicating swept isobar patterns. Mod 2 has higher nose peaks than 
Mod 3 but, as will be discussed. Mod 2 may be less sensitive to nacelle 
interferences. The spanwise distribution of lift is shown on Figure 65 and 
the c^ values are less everywhere than for the clean original wing. The 
desired spanwise distribution of lift to reduce induced drag could not be 
achieved. 

Incompressible Jameson solutions at Mq =0.1 were calculated for 
reference to subsequent discussions of the incompressible Neumann solutions 
to follow which calculated results for the wing/fuselage and the nacelle. 
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The Jameson results are shown in Figures 66 and 67. Note that the Mod 3 
design has higher nose peaks than Mod 2. However, the transonic development 
of Mod 3 was much better than Mod 2 indicating that at the design condition 
of Mq = 0.8, Mod 3 will be the better design. 

The incompressible Neumann solutions for the 3 wings (original wing. 
Mod 2, and Mod 3) with and without the nacelle and power at the 37% semi span 
station are shown in Figures 68, 69 and 70. In all cases. Mod 3 has lower 
pressure coefficients and gradient levels near the leading edge on the upper 
surface than the clean original wing, and it is also better than Mod 2. 

The same data presentation is shown at the 41% semi span station in 
Figures 71, 72 and 73. At this station, the Mod 3 design significantly 
reduces the negative Cp peaks compared to the original wing, especially 
with power as shown in Figure 73. However, the negative Cp peaks are 
higher than the original wing without nacelle and power and are higher than 
Mod 2 with nacelle and power. The uncertainty here is whether the results 
shown at the 41% semi span would also occur at transonic conditions. The Mod 
3 results were worse in the Jameson code at freestream conditions similar to 
the Neumann solution (M^ = 0) but the pressure distribution development 
into the transonic region (M^ = 0.8) was better. Since a transonic code 
including the nacelle body was not available for this study, the transonic 
development in the presence of the nacelle could not be evaluated. Since 
the Mod 3 design is better at 37% semi span using the Neumann and is better 
everywhere at transonic conditions as evaluated in the Jameson, it has been 
selected as the preferred design and is recommended for test. If the 
adverse effects nearer the nacelle (41%) occur during test, these effects 
can be treated locally with a small fillet. 
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To evaluate whether or not the pressure peak calculated for Mod 3 at 41% 
semi span will cause a flow separation, the results shown on Figure 72 are 
compared to the power-off flow visualization photos on Figures 13 and 14. 
The flow photos did not indicate a large region of flow separation although 
a limited normal shock was indicated at = 0.8. The pressure peak 
calculated by the Neumann at these conditions was -1.4 as shown on Figure 
72. Therefore, a -1.4 Cp should be marginally acceptable to avoid 
significant flow separation. 

The peak Cp for Mod 3 with nacelle and power calculated by the Neumann 
is -1.4 as shown on Figure 73. This level indicates that flow conditions 
similar to the power-off case on the original wing would occur (like Figure 
13 and 14) and the powered performance of Mod 3 should be acceptable. 

Figure 74 shows results for all the configurations and conditions at 56% 
semispan. In all cases, the pressure distributions are more favorable than 
the original wing. 

The spanwise distribution of lift for all cases is shown in Figure 75. 
The desired c^ values (less than the original wing) are achieved inboard 
of the nacelle for either Mod 2 or 3. 

To amplify the conclusions drawn and to indicate sensitivity to angle of 
attack, the Neumann results are shown at 1° higher angle of attack in 
Figures 76 through 81. All the conclusions drawn previously apply to these 
data. Note that in Figure 79, Mod 3 has a higher negative Cp at the nose 
without nacelle and power than Mod 2, just like the Jameson results. 

Nacelle Contouring 

The streaml i nes about the isolated wing computed using the Neumann 
program are shown in Figures 82 and 83. 
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Underwing Nacelle - The nacelle geometry for this case was constrained to 
adding fairings to the existing nacelle or contouring aft of the motor so 
that installation of the air drive motor would be assured. 

The aft part of the nacelle and nozzle centerline were contoured to the 
lower surface streamline as indicated in Figure 84. This contouring did not 
produce adequate favorable effects to warrant further consideration as shown 
in Figure 85. 

Limited contouring of the nacelle was developed using the upper surface 
streamlines. As indicated in Figure 83, no contouring is possible inboard 
of the nacelle because of the relationship of the wing leading edge and 
rotating hub and propeller. A local fillet can be used outboard to fair 
between the nacelle and the wing leading edge. In the profile view (Figure 
82) a local "bump" on the nacelle upper surface in the region of the wing 
leading edge will make the nacelle conform more closely with the 
streamline. The two fairings are shown by photographs of a subscale mock-up 
in Figure 86. 

These limited fairings probably won't have a significant impact on the 
performance. The geometric limitations precluded contouring to the extent 
necessary. These fairings can be tested in the tunnel depending on test 
results of the modified wing and basic nacelle. 

Overwing Nacelle - An overwing nacelle was also considered and is shown in 
Figure 87. For this case, the approach was to aerodynamical ly contour the 
nacelle and then determine if the air drive motor can be installed. Since 
this work was done in parallel with the development of Mod 3, the original 
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wing was used. Also, because the objective of this work was to evaluate 
what can be achieved by nacelle contouring with the power effects being 
treated using wing modifications, the power effects were not included. 

The contouring was accomplished by maintaining the longitudinal 
cross-sectional area distribution of the nacelle to give the best chance of 
the motor fitting inside. The centers of these areas were shaped to conform 
to the flow streamlines. The resulting nacelle shape is shown in Figures 88 
and 89. The contouring achieved excellent results as shown in Figures 90 
through 92. At the 43% semispan location, the upper surface pressure peak 
and gradient with the nacelle installed is significantly less than for the 
non-contoured nacelle case and is almost identical to the original wing 
without the nacelle. Significantly better span loading is also achieved as 
shown in Figure 93, which should provide significantly less induced drag. 
It is recommended that this contoured nacelle and the non-contoured nacelle 
be tested to confirm these results. 



VIII. DESIGN MODIFICATIONS 


The wing coordinates for Mod 3 are given at 10 s panwise locations in 
Table 2. These coordinates conform to the existing wing at approximately 
25% of the original wing chord. The geometry of the overwing contoured 
nacelle has been given to NASA Ames in the form of a computer tape 
containing a parametric cubic definition of the nacelle. The plan and 
profile view were shown in Figures 88 and 89. 
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IX. CONCLUSIONS AND RECOMMENDATIONS 


The following conclusions are drawn from this study: 

1) The force data could not be used during this study because of 
uncertainties in accuracy. 

2) Both the nacelle and power had significant effects on the wing 

flow. With power, the upper surface of the wing was separated at a 

wing C, near 0.5. 

*-w 

3) The increments in the pressure data due to power agreed fairly well 
between the earlier simulator test and the propeller test. The 
absence of a nacelle in the simulator test makes a direct 
comparison impossible. 

4) The Lifting Line computer code agreed better with the propeller 
power-on data than with the previous simulator data. This program 
could be used for preliminary design purposes. 

5) The Neumann Surface Panel computer code predicted the wing surface 
pressure distributions with sufficient accuracy for design 
purposes. The agreement with the propeller model Cp distributions 
was excellent. The c^ values were not predicted as well. 

6) The Jameson Transonic Program gives results adequate for design 
purposes if the power effects are accounted for by wing twist. 
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7) A new wing planform and new airfoil sections were developed (Mod 
3). At Mq = 0.8, the upper surface peak Cp values with power 
for this configuration are approximately half of the original wing 
with power. The pressure distribution is shock free and should 
result in performance with power approaching that of the original 
clean wing without power. Some uncertainty is present regarding 
the effects of the nacelle on this wing at transonic speeds. It is 
recommended that test data on Mod 3 be obtained to evaluate its 
performance. 

8) A contoured upper surface nacelle was developed for the original 
wing which can be installed on the wing without producing any 
appreciable interference to the wing pressures. It is recommended 
that this nacelle be built and tested to evaluate performance. 
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FIGURE 1. NASA MODEL INSTALLED IN AMES 14-FOOT TUNNEL 


81 -GEN-23245 



FIGURE 2. SIMULATOR TEST INSTALLATION 
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FIGURES. NASA MODEL PLANFORM 
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FIGURE 4. SIDE VIEW OF UNDERWING NACELLE 
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FIGURE 5. WING LIFT CURVES 



FIGURE 6. CHORDWISE PRESSURE DISTRIBUTION FOR ORIGINAL TURBOPROP CONFIGURATION AT 

= 0.6 
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FIGURE 7. CHORDWISE PRESSURE DISTRIBUTIONS FOR ORIGINAL TURBOPROP CONFIGURATIONS 
AT Mo = 0.7 



FIGURE 8. CHORDWISE PRESSURE DISTRIBUTION FOR ORIGINAL TURBOPROP CONFIGURATION AT 






FIGURE 9. CHORDWISE PRESSURE DISTRIBUTIONS FOR ORIGINAL TURBOPROP CONFIGURATION 
AT Mj, = 0.8 



FIGURE 10. CHORDWISE PRESSURE DISTRIBUTION OR ORIGINAL TURBOPROP CONFIGURATION 
ATM„ = 0.82 
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FIGURE 13. OIL FLOW PHOTOGRAPH ATM = 0.75 - WINDMILL CONDITIONS 
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FIGURE 14. OIL FLOW PHOTOGRAPH AT M„ = 0.8 - WINDMILL CONDITIONS 
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FIGURE 15. PROPELLER SWIRL AND TOTAL PRESSURE RATIO CHARACTERISTICS - ONE BLADE 
CHORD DOWNSTREAM - BLADE ANGLE, = 57 DEGREES 
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FIGURE 16. OIL FLOW PHOTOGRAPH AT M„ = 0.75 - MAXIMUM POWER 
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FIGURE 17. OIL FLOW PHOTOGRAPH AT M = 0.8 - MAXIMUM POWER 
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FIGURE 18. COMPARISON OF WING SECTION LIFT DISTRIBUTIONS AT Mo = 0.7 
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FIGURE 19. COMPARISON OF WING SECTION LIFT DISTRIBUTIONS AT Mo = 0.8 
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FIGURE 20. LIFT DISTRIBUTION USED FOR INDUCED DRAG CALCULATION 
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FIGURE 21. COMPARISON OF SIMULATOR EXIT CONDITIONS AND ISOLATED PROPELLER DATA 
ATj3 = 59 DEGREES 
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FIGURE 22. COMPARISON OF SIMULATOR AND PROPELLER DATA ATM = 0.7 AND t? = 0.36 
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FIGURE 23. COMPARISONOFSIMULATOR AND PROPELLER DATA AT = 0.7ANDrj= 0.5 
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FIGURE 24. COMPARISON OF SIMULATOR AND PROPELLER DATA AT Mq = 0.8 AND tj = 0.36 
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FIGURE 25. COMPARISON OF SIMULATOR AND PROPELLER DATA AT M = 0.8 AND t? = 0.5 
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FIGURE 26. COMPARISON OF SIMULATOR AND PROPELLER SECTION LIFT DISTRIBUTION AT 

M„ = 0,7 
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FIGURE 27. COMPARISON OF SIMULATOR AND PROPELLER SECTION LIFT DISTRIBUTION AT M = 0.8 
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FIGURE 28. COMPARISON OF LIFTING LINE AND EXPERIMENTAL SPAN LOAD FOR CLEAN WING 
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FIGURE 29. COMPARISON OF WING SECTION LIFT DISTRIBUTION WITH 
LIFTING LINE THEORY - SIMULATOR MODEL 
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FIGURE 30. COMPARISON OF WING SECTION LIFT DISTRIBUTIONS 
WITH LIFTING LINE THEORY - PROPELLER MODEL 
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FIGURE 31. COMPARISON OF WING SECTION LIFT DISTRIBUTIONS WITH LIFTING LINE THEORY 
PROPELLER MODEL 
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FIGURE 32. NEUMANN PANELING FOR SIMULATOR MODEL 
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FIGURE 33. SIMULATOR/NEUMANN PRESSURE DISTRIBUTION COMPARISON 
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FIGURE 34. SIMULATOR/NEUMANN SECTION LIFT COEFFICIENT COMPARISON 
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FIGURE 35. NEUMANN PANELING FOR PROPELLER MODEL 
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FIGURE 36. COMPARISON OF NEUMANN AND DATA FOR CLEAN WING 
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FIGURE 37. COMPARISON OF NEUMANN AND DATA FOR WING AND NACELLE - NO POWER 
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FIGURE 38. COMPARISON OF NEUMANN AND DATA FOR WING AND NACELLE WITH POWER 
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FIGURE 40. COMPARISON OF NEUMANN AND DATA FOR WING AND NACELLE - NO POWER 
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FIGURE 41. COMPARISON OF NEUMANN AND DATA FOR WING AND NACELLE WITH POWER 
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FIGURE 42. DATA COMPARISON OF SECTION LIFT DISTRIBUTION FOR NEUMANN 
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FIGURE 43. COMPARISON OF NEUMANN AND DATA FOR CLEAN WING AT a = 2 DEGREES 
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FIGURE 44. COMPARISON OF NEUMANN AND DATA FOR WING/NACELLE NO POWER AT 
a = 2 DEGREES 
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FIGURE 45. COMPARISON OF NEUMANN AND DATA WITH POWER AT a = 2 DEGREES 
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FIGURE 46. COMPARISON OF NEUMANN AND DATA FOR CLEAN WING AT a = 2 DEGREES 
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FIGURE 47. COMPARISON OF NEUMANN AND DATA FOR WING NACELLE NO POWER AT 
a = 2 DEGREES 
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FIGURE 48. COMPARISON OF NEUMANN AND DATA WITH POWER AT a = 2 DEGREES 


58 





FIGURE 49. COMPARISON OF JAMESON AND EXPERIMENTAL CHORDWISE PRESSURE 

DISTRIBUTIONS FOR CLEAN WING CONFIGURATION M = 0.7 

o 
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FIGURE 50. COMPARISON OF JAMESON AND EXPERIMENTAL CHORDWISE PRESSURE DISTRIBUTIONS 

FOR CLEAN WING CONFIGURATION M = 0.800 
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FIGURE 51. COMPARISON OF JAMESON AND EXPERIMENTAL CHORDWISE PRESSURE 
DISTRIBUTIONS -WITH POWER M^ = 0.7 



FIGURE 52. COMPARISON OF JAMESON AND EXPERIMENTAL CHORDWISE PRESSURE 
DISTRIBUTIONS - WITH POWER M„ = 0.7 
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FIGURE 53. EXPERIMENTAL WING SECTION LIFT COMPARISON WITH THEORY AT M = 0.7 
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FIGURE 54. COMPARISON OF JAMESON AND EXPERIMENTAL CHORDWISE PRESSURE DISTRIBUTIONS 
FOR POWERED PROP CONFIGURATION 













FIGURE 55. COMPARISON OF JAMESON AND EXPERIMENTAL CHORDWISE PRESSURE DISTRIBUTIONS 
FOR POWERED PROP CONFIGURATION AT M = 0.8 
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FIGURE 56. WING SECTION LIFT COMPARISON WITH THEORY AT M^ = 0.8 
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FIGURE 58. M0D2 AND MODS Al Rf OILS AT T} = 0.120 
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FIGURE 59. MOD2 AIRFOIL AT 7 ? = 0.350 
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FIGURE 60. MOD 2 AIRFOIL AT T? = 0.43 
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FIGURE 61. MODS AIRFOIL AT T? = 0.350 
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FIGURE 63. COMPARISON OF CALCULATED CHORDWISE PRESSURE DISTRIBUTIONS USING JAMESON ^ 
CLEAN WING M^ = 0.800 



FIGURE 64. COMPARISON OF JAMESON CALCULATED CHORDWISE PRESSURE DISTRIBUTIONS FOR 
POWERED CONFIGURATIONS M = 0.800 
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FIGURE 65. SECTION LI FT CHANGE DUE TO WING MOD 2 AND MOD 3 


Cp 



PERCENT CHORD 

FIGURE 66. INCOMPRESSIBLE JAMESON AT T7 = 0.38 
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FIGURE 67. INCOMPRESSIBLE JAMESON AT Tj = 0.42 
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FIGURE 68. PRESSURE DISTRIBUTION FOR CLEAN WINGS AT t? = 0.37 
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FIGURE 69. PRESSURE DISTRIBUTION FOR WINGS PLUS NACELLE WITHOUT POWER AT t? = 0.37 




PERCENT CHORD 

81 -GEN-23235 

FIGURE 70. PRESSURE DISTRIBUTION FOR WINGS WITH NACELLES AND POWER AT r? = 0.37 
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FIGURE 71. PRESSURE DISTRIBUTION FOR CLEAN WINGS AT 7? = 0.41 
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FIGURE 72. PRESSURE DISTRIBUTION FOR WINGS PLUS NACELLE WITHOUT POWER AT 7? = 0.41 
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FIGURE 73. PRESSURE DISTRIBUTIONS FOR WINGS WITH NACELLES AND POWER AT t? = 0.41 
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FIGURE 74. PRESSURE DISTRIBUTION OUTBOARD OF NACELLE.WITH NACELLE AND POWER T? = 0.56 
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FIGURE 75. COMPARISON OF SECTION LIFT DISTRIBUTION CALCULATED USING NEUMANN 
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FIGURE 76. PRESSURE DISTRIBUTION FOR CLEAN WING AT t? = 0.37 AND a = 2 DEGREES 
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FIGURE 77. PRESSURE DISTRIBUTION FOR WInGS PLUS NACELLE WITHOUT POWER 17 = 0.37 AND 
a = 2 DEGREES 
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FIGURE 78. PRESSURE DISTRIBUTION FOR WINGS WITH NACELLE AND POWER AT 77 = 0.37 AND 
a = 2 DEGREES 
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FIGURE 79. PRESSURE DISTRIBUTION FOR CLEAN WINGS AT tj = 0.41 AND a = 2 DEGREES 
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FIGURE 80. PRESSURE DISTRIBUTION FOR WINGS PLUS NACELLE WITHOUT POWER AT T? = 0.41 AND 
a = 2 DEGREES 
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FIGURE 81. PRESSURE DISTRIBUTIONS FOR WINGS WITH NACELLES AND POWER AT 
V = 0.41 AND a = 2 DEGREES 
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FIGURE 82. CLEAN WING STREAMLINE - PROFILE VIEW 
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FIGURE 85. EFFECT OF CONTOURING AFT PORTION OF UNDERWING NACELLE 
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FIGURE 86. SUBSCALE MOCKUP OF POTENTIAL UNDEHWING NACELLE CONTOURING 
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FIGURE 87. SIDE VIEW NONCONTOURED OVERWING NACELLE 
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FIGURE 88. PLAN VIEW OF OVERWING CONTOURED NACELLE 
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FIGURE 89. SIDE VIEW OF OVERWING CONTOURED NACELLE 
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FIGURE 90. PRESSURE DISTRIBUTION COMPARISON FOR CONTOURED NACELLE AT 7 ? = 0.37 PERCENT 
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FIGURE 91. PRESSURE DISTRIBUTION COMPARISON FOR CONTOURED NACELLE AT 77 = 43 PERCENT 
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FIGURE 92. PRESSURE DISTRIBUTION FOR CONTOURED NACELLE AT T? = 0.56 PERCENT 
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